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The creation and direct detection of n-particle atomic correlations in ensembles of atoms is in-
vestigated. For this, we study an ensemble of laser-driven atoms in which either a dipole-dipole or
a Rydberg-Rydberg interaction leads to the formation of correlations between the internal degrees
of freedom of the atom. We show that light scattering can be used to imprint information about
these correlations onto light, and reveal how this information can be extracted from the statistical
properties of the scattered light. As main result we find that observation in certain detection direc-
tions allows to directly and individually measure n-particle atomic correlations. Complementary,
we discuss a method to experimentally determine the interesting detection positions.
PACS numbers: 42.25.Fx, 42.50.Ar, 67.85.-d, 37.10.Jk
I. INTRODUCTION
The study of correlated quantum systems is ubiqui-
tous in many branches of physics. In particular cold
atoms offer various implementations of few- and many-
body quantum systems with tunable strong long-range
interaction [1], such as polar molecules [2] or Rydberg
atoms [3, 4]. A systematic way of characterizing these
systems is via suitable correlation functions. Naturally,
in particular higher-order correlations are of interest,
since they generally indicate more complex dynamics,
and since their knowledge is required to completely char-
acterize a quantum system. Unfortunately, however,
higher-order correlations are generally hard to observe.
Different methods have been suggested to measure cor-
relations, depending on the size and structure of the sys-
tem, and on the type of correlations. In larger systems,
correlations in position or momentum space are typically
detected via interferometric approaches [1]. An alter-
native approach is to coherently transfer correlations to
light, e.g., via off-resonant light scattering. This on the
one hand can be used for imaging cold gases [5], but also
has been suggested for the measurement of spin correla-
tions [5–9] or atom density correlations [10]. Enhance-
ment of the measurement signal has been proposed via
cavities [11] and Bragg scattering [12].
Similar imaging challenges arise in smaller systems. In
terms of light scattering, in particular the conceptionally
simple case of few atoms trapped in periodic potentials
has received much attention. Next to setups with un-
correlated atoms [13–16], also systems with interacting
atoms have been considered. It has been shown that the
interaction between the particles leads to modifications
of the scattered light [17–20] which can for example be
used to measure distance of the scattering particles [21].
This interest in interacting few-particle systems has
recently been revived in the context of Rydberg atoms,
which provide a tunable long-range distance. A setup
with two optically trapped atoms has been used to
demonstrate the Rydberg blockade [22], to entangle two
atoms [23], and to implement a two-atom gate [24]. Ex-
tensions to more atoms are highly desirable. For exam-
ple, it has been suggested that the addition of a third
atom within the blockade radius could lead to a signif-
icant modification of the blockade property [25]. Simi-
larly, the entangling and gate operations naturally scale
to systems with more than two atoms. The characteriza-
tion of such systems requires methods to determine corre-
lations between the internal electronic degrees of freedom
of few trapped particles.
Motivated by this, here, we study the creation and de-
tection of higher-order atomic correlations in an ensemble
of atoms. We aim at detecting correlations between the
internal degrees of freedom of the atoms generated by
interactions. For this, we analyze a chain of laser-driven
atoms, in which the atomic correlations arise only due to
the interaction between the atoms, see Fig. 1. Our focus
is on the direct detection of atomic correlations by de-
tecting the intensity-intensity correlation function G(2)
of the light scattered by the atoms, with light scatter-
ing as the simplest transfer of atomic properties onto the
light properties. We show that G(2) contains contribu-
tions which can be traced back to 2-, 3- and 4-particle
atomic correlations. A closer analysis reveals that obser-
vation in particular detection directions allows to detect
the different n-particle atomic correlations individually.
FIG. 1: (Color online) A chain of N atoms driven by a reso-
nant laser field. Detectors D1 and D2 measure the second or-
der correlation function of the scattered photons. The atoms
interact, which leads to the formation of n-particle atomic cor-
relations. Key objective is the direct measurement of these
few-particle atomic correlations via the scattered light.
2The method is independent on the coupling generating
the correlations, and results are given both for the case
of dipole-dipole interaction (DDI) and Rydberg-Rydberg
interaction (RRI).
II. THEORETICAL CONSIDERATIONS
A. Model
We start by investigating a system of N atoms dis-
tributed in a linear chain, as shown in Fig. 1. To include
both DDI and RRI, the identical particles are modelled
as three-level atoms in ladder configuration with ground
state |g〉, excited state |e〉, and Rydberg state |r〉 [26, 27],
and are located at positions ~ri (i ∈ {1, 2, · · · , N}), with
separation rij = |~ri − ~rj |. The lower [upper] transitions
are driven by resonant laser fields with Rabi frequency Ωp
[Ωc], which propagate perpendicular to the atom chain.
In the electric dipole, Born-Markov and rotating wave
approximations and in a suitable interaction picture, the
system’s master equation is [28, 29]
∂ρ
∂t
=
1
i~
[V, ρ]−
N∑
i=1
γc
2
([A(i)re , A
(i)
er ρ] + H.c.)
−
N∑
i,j=1
γ
(ij)
p
2
([A(i)eg , A
(j)
ge ρ] + H.c.) , (1)
with V = VL + Vdd + VRR. Here A
(i)
αβ = |α〉i〈β| is an
operator of atom i, and γp ≡ γ
(ii)
p [γc] is the spontaneous
decay rate on the lower [upper] transition. The atom-
laser interaction is given by
VL = ~
∑
i
(ΩpA
(i)
eg +ΩcA
(i)
re +H.c.) . (2)
For the DDI case, we reduce the system to the two
lower states by setting Ωc = 0, and by dropping VRR.
The coherent part of the DDI is given by
Vdd = −~
∑
i6=j
Ω(ij)A(i)egA
(j)
ge . (3)
The parameters γ
(ij)
p and Ω(ij) (i 6= j) are the usual DDI
coupling constants characterized by the tensor [29]
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k30
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η2
−
1
η3
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−
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+
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−
3
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)}
eiη , (4)
where η = |~kL| · |~r|. From this tensor, the coupling con-
stants are obtained as
γ(ij)p =
1
~
(~dT Im[χ(~rij)]~d
∗) , (5a)
Ω(ij) =
1
~
(~dTRe[χ(~rij)]~d
∗) , (5b)
with ~d the involved dipole moments which we assume to
be perpendicular to the interatomic distance vectors.
For the RRI case, we assume large distance on the scale
of the lower transition wavelength, such that the DDI on
the lower transition vanishes, γ
(ij)
p = 0 = Ω(ij) for i 6= j.
The RRI coupling is described by
VRR = ~
∑
i6=j
VijA
(i)
rrA
(j)
rr , (6)
and the coupling constant is taken as Vij = C6/|rij |
6.
B. Observables
From the steady state solution of Eq. (1), the scattered
light intensity and the second order correlation function
can be calculated as [30, 31]
G(1) ∝
∑
i,j
〈A(i)egA
(j)
ge 〉e
i~k1·~rij , (7a)
G(2) ∝
∑
i,j,k,l
〈A(i)egA
(j)
eg A
(k)
ge A
(l)
ge 〉e
i·~k1~ril+i~k2·~rjk , (7b)
up to prefactors which we neglect in the following. We
next define correlation functions U (1) and U (2) excluding
the correlations between different atoms as
U (1) ∝
∑
i,j
〈A(i)egA
(j)
ge 〉Ue
i~k1·~rij , (8a)
U (2) ∝
∑
i,j,k,l
〈A(i)egA
(j)
eg A
(k)
ge A
(l)
ge 〉Ue
i·~k1~ril+i~k2·~rjk , (8b)
These are obtained from G(1) and G(2) by the replace-
ment 〈·〉 → 〈·〉U . Here, 〈·〉U is the correlation function
including correlations of individual atoms, but explicitly
excluding correlations between different atoms. For ex-
ample, for any operators Ai and Bi operating on atom i
and any operator Cj operating on a different atom j 6= i,
〈AiBiCj〉U = 〈AiBi〉〈Cj〉 . (9)
We analyze these correlations as a function of the detec-
tor positions. For this, we relate the outgoing wave vec-
tors ~k1 and ~k2 to the detector positions. If, for example,
the arrangement is as in Fig. 1 with a linear chain driven
perpendicularly to the chain axis, then (n ∈ {1, 2})
~kn · ~rij = (2π/λ) rij cosαn , (10)
and the detection directions αn immediately translate
to detection positions ~Rn in the far field. With this
convention, in the following, we will interchangably use
detector positions as arguments such as in G(1)(~R) and
G(2)(~R1, ~R2) and the detection angles αn.
Finally, we define the normalized second order corre-
lation function [30, 31]
g(2)(~R1, ~R2) =
G(2)(~R1, ~R2)
G(1)(~R1)G(1)(~R2)
, (11)
3FIG. 2: (Color online) Second order correlation function G(2)
and its contributions for dipole-dipole interacting atoms. (a)
shows the full second-order function G(2), and (b) shows the
contribution G2, (c) G3 and (d) G4. The results are plotted
scaled by 106 and against the positions of the two detectors
α1 and α2 for N = 4, Ωp = 0.01γp and ri,i+1 = λp.
which is a measure for the probability of detecting scat-
tered photons at ~R1 and ~R2 in coincidence, and provides
information about the photon statistics. g(2) = 1 in-
dicates Poissonian photon statistics, whereas g(2) < 1
and g(2) > 1 correspond to sub-Poissonian and super-
Poissonian photon statistics, respectively.
III. RESULTS
A. Without interaction
We first analyze the case without interaction between
the atoms, Vij = γ
(ij)
p = Ω(ij) = 0 for i 6= j, which will
help in interpreting our later results. It is important to
distinguish between correlations in the light and correla-
tions between the atoms. The former are characterized
by the correlation functions in Eq. (7), whereas the lat-
ter are characterized by the difference of G and U . As
expected, we found that without interaction, G(1) = U (1)
and G(2) = U (2), such that no correlations between the
atoms are created without the interaction. Nevertheless,
the photonic correlation functions have contributions in-
volving two, three or four particles at the same time,
which is in analogy to the interference pattern from a
multi slit aperture. These contributions, however, do
not indicate atomic correlations. Without interaction,
we found that
G(1)(~R) = U (1)(~R) = I N + C
∑
i6=j
ei
~k1·~rik , (12)
where I = 〈A
(i)
ee 〉 as a measure for the incoherent scat-
tered light intensity and C = |〈A
(i)
eg 〉|2 as a measure for
FIG. 3: (Color online) Detection positions in which n-atom
correlations can directly be measured for dipole-dipole inter-
acting atoms. The dotted green contour indicates C2 = 0,
and the dashed magenta contour C4 = 0. In these directions,
G(2) is solely due to 2-atom or 4-atom correlations, respec-
tively. The solid light blue contour shows C3/G
(2) = 10, and
the dot-dashed yellow contour C4/G
(2) = 10. In these areas
3-atom or 4-atom correlations strongly reduce G(2), respec-
tively. The background shows G(2) as in Fig. 2(a).
the coherent intensity are the same for all atoms i. The
second-order correlation function can be decomposed as
G(2) = U (2) = G2 +G3 +G4 , (13)
in which Gn contains contributions involving n atoms,
i.e., those in which the indices i, j, k, l in Eq. (7) take on
n different values. This decomposition allows for an in-
terpretation of the different contributions. First, there
are no contributions G1 with i = j = k = l arising
from single atoms, which cannot emit two photons at
the same time. G2 are contributions involving two dif-
ferent atoms, related to the Hanbury-Brown-Twiss type
interference [31]. G3 consists of three-particle contribu-
tions. These occur even though the detectors only reg-
ister two photons in each event, because G3 combines
first- and second-order interference, as indicated by the
fact that this term is proportional to IC. Finally, G4
is a contribution involving four different atoms. This is
the highest-order contribution to the second-order corre-
lation function, since it involves only four photon opera-
tors. It is proportional to C2, relying fully on first- and
second-order interference.
B. With interaction
We now turn to our main interest, the creation and
detection of n-particle atomic correlations. We found
that these appear as soon as the atoms interact. Then,
G(1) 6= U (1) and G(2) 6= U (2), and the different atoms
in general assume unequal steady states. Therefore no
simple expression as in Eq. (12) can be obtained. Never-
theless, we found that the decomposition into n-particle
4FIG. 4: (Color online) Emitted light intensity for dipole-
dipole interacting atoms as a function of detection positions
α1 and α2. The figure shows the product G
(1)(~R1)G
(1)(~R2)
and is thus nonzero only if both detectors register light. Pa-
rameters and contours are as in Fig. 3.
contributions G(2) = G2 + G3 + G4 and analogously
U (2) = U2 + U3 + U4 still persists, allowing for a conve-
nient identification of n-particle atomic correlations. We
in particular ask whether it is possible to identify and di-
rectly verify the presence of 2-, 3- and 4-particle atomic
correlations. For this, we define
Cn = G
(2) −Gn + Un , (14)
which is the full second-order correlation function G(2)
with the contribution due to n-particle atomic correla-
tions subtracted. If we now find detector positions for
which Cn = 0, then G
(2) = Gn − Un. Therefore, at these
detection position, the measured value for G(2) can di-
rectly be identified as the contribution arising from the
n-atom correlations, such that the contribution of n-atom
correlations can be detected and quantified individually.
On the other hand, if Cn ≫ G
(2), then n-atom correla-
tions decrease the full G(2). This criterion again indicates
atomic correlations. But in general it does not guarantee
an individual measurement of a single n-atom correla-
tions. For example, strong negative contributions from
two different n-atom correlations together could lead to
a vanishing value of G(2).
C. Dipole-dipole interaction
We start with results for DDI. In Fig. 2, results for
the second-order correlation function G(2) and its indi-
vidual contributions are shown. The main structure as
a function of the detection angles is due to the spatial
dependence on the detection positions encoded in the
exponential functions in Eq. (7). In (a) it can be seen
that around detector positions αi ∈ {0, π/2, π} the full
correlation function assumes large values, which can be
FIG. 5: (Color online) Photon statistics g(2)(τ = 0) for dipole-
dipole interacting atoms as a function of detection positions
α1 and α2. Contours and parameters are as in Fig. 3.
FIG. 6: (Color online) Detection positions in which n-atom
correlations can directly be measured for Rydberg-Rydberg
interacting atoms. The dotted green contour indicates C2 = 0,
and the dashed magenta contour C4 = 0. In these directions,
G(2) is solely due to 2-atom or 4-atom correlations, respec-
tively. The solid light blue contour shows C3/G
(2) = 5, such
that 3-atom correlations dominate. The background shows
G(2). Parameters are Ωp = 0.01γp, Ωc = γp, γc = 0.05γp,
C6 = 2π × 50GHz µm
6, and ri,i+1 = 5λp.
attributed to the geometrical structure of the atom ar-
rangement. Such interference peaks can be used to de-
duce the precise positioning of the scattering particles
in an experiment [5], but do not provide further insight
in the correlations between the particles. Around these
maxima a rather complicated pattern occurs, which will
turn out to contain information on the atomic correla-
tions. Interestingly, the individual n-particle contribu-
tions in (b-d) have quite different dependences on the de-
tection positions. Also, we find that the 3- and 4-particle
contributions can be large in magnitude and both posi-
tive or negative, such that cancellations in G(2) occur.
5FIG. 7: (Color online) Emitted light intensity for Rydberg-
Rydberg interacting atoms as a function of detection positions
α1 and α2. The figure shows the product G
(1)(~R1)G
(1)(~R2)
and is thus nonzero only if both detectors register light. Pa-
rameters and contours are as in Fig. 6.
FIG. 8: (Color online) Photon statistics g(2)(τ = 0) for
Rydberg-Rydberg interacting atoms as a function of detec-
tion positions α1 and α2. Contours and parameters are as in
Fig. 6.
Fig. 3 shows results on the direct and individual de-
tection of n-particle correlations. The contours plotted
using Eq. (14) indicate that there are detection ranges in
which G(2) is non-zero only due to 2-particle or 4-particle
atomic correlations. At these positions, without the re-
spective n-particle atomic correlation, the value of G(2)
would be zero, and any detection signal directly can be
traced back to the atomic correlations. Note that such re-
gions do not occur for 3-particle atomic correlations. On
the other hand, there are detection directions in which
C3/G
(2) ≥ 10 or C4/G
(2) ≥ 10. In these areas, the 3- or
4-particle atomic correlations dominate the value of G(2).
Fig. 4 shows the corresponding emitted light inten-
sity as a function of the detection positions α1 and
α2. More specifically, the figure shows the product
G(1)(~R1)G
(1)(~R2) and is thus nonzero only if both de-
tectors register light. As in Fig. 3, the contours indicate
detection positions in which n-particle atomic correla-
tions can be directly measured. It can be seen that all
contours overlap with regions of non-zero intensity regis-
tered by the detectors. Parameters are as in Fig. 3.
Finally, Fig. 5 shows the photon statistics g(2)(τ = 0)
in dependence on the detection positions α1 and α2.
The range of values is from 0 to 2. Areas with values
larger that 2 are shaded in light gray. As in Fig. 3, the
contours indicate detection positions in which n-particle
atomic correlations can be directly measured, and the
parameters are chosen the same. It can be seen that
depending on the detection direction, light of all statis-
tics from sub-Poissonian to super-Poissonian is emitted.
This complicated pattern of the photon statistics, how-
ever, in general is unrelated to the correlations between
the atoms, and in particular also appears for uncorre-
lated atoms. Around the positions of the maximum in-
tensity at α1 ≈ α2 ≈ π/2, g
(2) ≈ 1, consistent with
coherent light required for full constructive interference.
Interestingly, already each of the contour lines indicating
detection areas in which certain n-atom correlations can
be measured span a range of photon statistics including
sub- and super-Poissonian statistics. Along each con-
tour, the type of correlation between the atoms remains
the same, while the photon statistic imprinted on the
scattered photons varies with the detection directions.
D. Rydberg-Rydberg interaction
Next, we show that the method to determine n-particle
atomic correlations also works with RRI. We found that
the results are qualitatively comparable to DDI, and the
interpretations are the same. However, Fig. 6 shows that
G(2) has a very different structure as for the DDI case.
This in part is because in the RRI case, the interparticle
distance is larger than in the DDI case, resulting in a dif-
ferent overall interference pattern. But also, the RRI has
a very different character than the DDI, which is reflected
in the correlation pattern. From Fig. 6, detection regions
can be identified in which Ci = 0 for i ∈ {2, 4}, such that
2- and 4-particle correlations can be measured directly
and individually. Also, regions of large C3/G
(2) ≫ 5
exist, providing access to the 3-particle correlations.
Fig. 7 shows the emitted light intensity for Rydberg-
Rybderg interacting atoms as a function of the detection
positions α1 and α2, with parameters as in Fig. 6. As
in Fig. 4 for the DDI case, the figure shows the product
G(1)(~R1)G
(1)(~R2) and is thus nonzero only if both detec-
tors register light. As in Fig. 6, the contours indicate de-
tection positions in which n-particle atomic correlations
can be directly measured for the RRI case. As in the
DDI case, it can be seen that all contours overlap with
regions of non-zero intensity registered by the detectors.
The photon statistics g(2)(τ = 0) in dependence on the
detection positions α1 and α2 for the RRI case is shown
6FIG. 9: (Color online) Method to experimentally determi-
nation detection directions to identify n-particle correlations.
(a) Dipole-dipole interacting atoms. The ratio of G(2) for in-
teratomic spacing λp to G
(2) for interatomic spacing 1.5λp
with scaled coordinates is shown. (b) Rydberg-Rydberg in-
teraction. The ratio of G(2) with Ωc = 0.01γp to the case
with Ωc = 0.05γp is shown. Overlays show the theoretically
predicted detection directions.
in Fig. 8. Areas with values larger than 20 are shaded in
light gray. In most detection directions, g(2)(τ = 0) > 1
is observed. However, the directions in which 2-particle
correlations can be observed also reach into regions with
g(2)(τ = 0) < 1. Parameters are as in Fig. 6.
IV. DISCUSSION AND SUMMARY
Our calculations rely on a knowledge of the positions
of the atoms. But in an actual experiment, the atom po-
sitions may not be known precisely enough. To overcome
this problem, there are different options to measure the
atom positions. In our setup, G(2) needs to be measured,
such that automatically also G(1) becomes available. The
required atom position information is contained in G(1).
The configuration of atom positions leads to a pattern of
interference maxima in the position-dependent scattered
light intensity, which can be used to determine the atom
configuration. This works particularly well if the atoms
are arranged in a periodic pattern, such as in an opti-
cal lattice. This is in essence the same method as it is
used in crystallography to reveal the spatial arrangement
of a crystal from scattered light. If a periodic poten-
tial is used, then the scattered light still allows to detect
“defects” like empty sites of the lattice. On the other
hand, alternative imaging methods have been developed
to image the positions of atoms in an optical lattice [5].
Finally, if a long-range interaction like that between Ry-
dberg states generates the atomic correlations, then the
atoms can be placed at distances which allow for an indi-
vidual imaging. Thereby, again the position information
can be gained.
A more interesting option indeed is to modify the mul-
tiatom correlations. In the following, we discuss several
methods to do so. First, if the atoms are placed in an op-
tical lattice, then by changing the angle between the lat-
tice beams, the periodicity of the lattice can be changed.
Of course, this will change the scattered light pattern
considerably. But if the atoms are uncorrelated, then the
atoms evolve individually, such that the expectation val-
ues of atomic operators 〈·〉 entering the expression Eq. (7)
for G(2) do not depend on the positions of the atoms.
Then, the position dependence of G(2) only arises from
the exponential factors in Eq. (7). For example, for two
lattice spacings s1 and s2 and a suitable alignment of the
lattice with respect to the incident field, one finds phases
~kn~ril = (2π/λ)s1 cos(αn) and ~kn~ril = (2π/λ)s2 cos(α¯n)
for the two lattice spacings in the exponents of Eq. (7)
(n = 1, 2). By equating s1 cosαn = s2 cos α¯n, a trans-
formation between the two detection angles αn and α¯n
can be obtained. Applying this transformation to the re-
sults with lattice spacing s2, the results for lattice spac-
ing s1 are obtained. We verified this by calculating the
scattered light for two different lattice spacings without
coupling between the atoms, i.e., without correlations.
When we applied the scaling transformation to one set
of data, we obtained exactly the data for the other dis-
tance. This scaling, however, fails if distant-dependent
interactions and thus correlations between the atoms are
present. Then, the atomic expectation values entering
Eq. (7) do depend on distance. The scaled data obtained
with lattice spacing s2 will therefore differ from the re-
sults of lattice spacing s1 in those detection directions, in
which correlations exist. Thus next, we repeated the pro-
cedure with the interaction between the atoms switched
on. Now, the difference between the first data set and the
scaled second data set is non-zero. An example is shown
in Fig. 9(a). It can be seen that the differing parts re-
produce the detection directions we predict in order to
measure the atomic correlations to a good degree. This
is not surprising, as the scaling is expected to fail exactly
at those detection directions at which correlations modify
the result. An experiment could thus measure the scat-
tered light for two lattice spacings, and determine the po-
7sitions in which correlations can be detected by searching
for differences between the scaled first data set and the
second data set. Note, however, that the presence of cor-
relations does not necessarily imply a difference between
two measurements at different lattice spacings. There-
fore, there is no one-to-one correspondence between the
theoretical contours and the positions determined using
a measurement as outlined above. A different option is
to make use of the angular dependence of the coupling
in 1-d atomic arrangements. If the dipole moments are
aligned at different angles with respect to the trap axis,
then also the coupling changes [32].
For RRI atoms, it is even simpler to obtain two mea-
surements to compare with in order to determine poten-
tial directions in which correlations can be measured. We
found that it is sufficient to take the ratio of two mea-
surements with different Ωc, without changing the atom
positions or the interaction strength. As Fig. 9(b) shows,
again the ratio of the two measurements exhibit struc-
tures which resemble the detection directions predicted
theoretically. Next to the experimental determination of
detection directions, this allows for a direct comparison
of theory and experiment.
It can be expected that higher-order correlation func-
tions G(m) with m > 2 enable one to detect n-atom cor-
relations with n > 4 in a straightforward extension of
the present work. Increasing the number of atoms, how-
ever, while still measuring G(2), would not provide direct
access to higher order correlations, since only correla-
tions between 4 atomic operators enter the expression
of G(2). Nevertheless, measurements with larger struc-
tures are desirable, as a measurement of the scattered
light in particular detection directions is required, such
that count rates become important. An alternative could
be to combine our method with strong laser driving in
modified reservoirs [33, 34] to increase photon scattering.
In this work, we have presented results on regular
structures of atoms, which could be realized, e.g., by
placing atoms in an optical lattice. The regular structure
essentially leads to the formation of interference maxima
in particular directions of the light scattering, in which
constructive interference of the paths via the different
atoms appears. Our results on the correlation measure-
ments, however, are not associated with these interfer-
ence maxima arising due to the regular structure of the
atoms. Therefore we expect that our method also works
with random positions of the atoms. To substantiate this
expectation, as an example, we have randomly modified
the interparticle distances in the chain to r12 = 1.3λ,
r23 = 0.6λ, r34 = 0.4λ in the DDI case, and calculated
the results correponding to Fig. 3. Also in this case, con-
tours could be found in which the different correlations
can be measured individually.
Concluding, we have demonstrated a method to di-
rectly and individually measure n-particle atomic cor-
relations by scattering light off of a small ensemble of
atoms. In our model, the correlations are generated
by the interaction between the atoms, and we have
demonstrated results for both the dipole-dipole and the
Rydberg-Rydberg interaction case. In a broader context,
our results shed light on the interaction-induced forma-
tion of correlations and in particular enable an order-
by-order comparison of theory and experiment, and thus
open perspectives for studying the correlated dynamics
of ensembles of interacting atoms.
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